Endotoxin concentrations were determined in middle-ear effusions (MEEs) from 89 children with chronic otitis media by using the Limulus amoebocyte lysate assay. Mean concentrations of endotoxin in Haemophilus influenzae-positive and Streptococcus pneumoniae-positive MEEs were 157 and 21.8 ng/ml, respectively, and were significanitly diffetrent (P < 0.01). Endotoxin was also found,in Gram stain-positive, culture-negative and Gram stain-negative, culture-negative MEEs, but the levels were not significantly different (P > 0.05). Howeyer, the endotoxin concentrations in both groups of culture-negative MEEs were significantly lower than those found in MEEs that greW either H. influenzae or S. pneumoniae (P < 0.05). These results show that endotoxin is present in a high perc'entage of human MEEs, including those that are culture negative, and may contribute to the pathogenesis of otitis media with effusion.
Haemophilus influenzae is considered the most common pathogenic organism associated with chronic otitis media with effusion (OME) (4) . An earlier study of experimental OME in the chinchilla (2) indicated that killed H. influenzae organisms, when injected into the tympanum, induced clear, amber-colored middle-ear effusions (MEEs) and that endotoxin purified from these bacteria also induced MEE. Since endotoxins are lipopolysaccharide complexes present on the outer surface of most gram-negative bacteria (7) , it is possible that endotoxin associated with H. influenzae may be responsible for the inflammation and fluid accumulation in the middle ear (2) . The present study was undertaken to determine the possible role of endotoxin in chronic OME by determining endotoxin levels in human MEEs from children with chronic OME by using the Limulus amoebocyte lysate (LAL) patients were stored at -80°C before LAL assay for endotoxin, and all MEEs were assayed within 6 months of collection. The endotoxin content in the MEEs was determined quantitatively by the microdilution LAL assay procedure (8) . The Li,nulus lysate (Pyrogent) used for these studies was obtained from a commercial source (Mallinckrodt Inc., St. Louis, Mo.), and a single lot, 2AV, was used throughout. The lysate had a minimum sensitivity of 0.05 ng/mnl (reference standard endotoxin lot EC-2). The microdilution LAL assay procedure was performed as previously described (8) .
Because of the limited volume of the effusions, samples were thawed and initially diluted 1:5 (vol/vol) with pyrogenfree saline so that each titration could be performed in duplicate. All materials used throughout the test procedure were pyrogen-free. Preliminary control experiments were conducted to rule out exogenous endotoxin contamination by assaying for endotoxin in sterile, pyrogen-free water that was aspirated through the surgical coliection devices. In separate experiments to rule out false-positive LAL results, selected LAL-positive MEtEs were boiled for 10 min at 100°C and assayed to ensure that the substrate being measuted was heat-stable endotoxin and not a proteolytic substance that might be present in the MEEs. MEEs were also assayed with the addition of a polyionic dispersing agent (Pyrosperse; Mallinckrodt Inc.) to test for the presence of endotoxin-masking components. Similarly, specific amounts of Escherichia coli endotoxin were added to LAL-negative MEEs. These "spiked" MEEs were then assayed to determine whether there were substances in the MEEs that would interfere with the sensitivity of the LAL assay.
All LAL assays were performed without previous knowledge of the microbiological findings.
Statistical analysis. The two-tailed Student t test was used to detect significant differences in endotoxin concentrations.
RESULTS
Of the 89 MEEs, 71 (80%) exhibited endotoxin activity, with concentrations ranging from 0.5 to more than 512 ng/ml. With one exception, significant levels of endotoxin were present in MEEs from which H. influenzae were cultured. Endotoxin was also present in 67% of the culture-negative MEEs ( Table 2 ). In effusions that did not contain viable bacteria but demonstrated bacteria by the Gram stain, the mean endotoxin concentration was 3.3 ng/ml. MEEs that did not contain bacteria either by culture or Gram stain had a mean concentration of 12.9 ng/ml. The fourfold difference in the endotoxin concentrations between these two groups was not statistically significant (P > 0.05). However, the concentrations of endotoxin in both groups of culture-negative MEEs were significantly lower than the levels of endotoxin in the MEEs that grew either H. influenzae or S. pneumoniae (P < 0.05).
The control experiments showed that endotoxin titers did not change after boiling, indicating that the substrate being measured was endotoxin. The addition of the dispersing agent to the samples did not increase endotoxin concentrations, which suggests the lack of endotoxin-masking components in the MEEs. The addition of known concentrations of E. coli endotoxin revealed that there were no substances in the MEEs that interfered with the sensitivity of the LAL assay.
DISCUSSION
Bacterial endotoxin is a biologically active material and a potent inducer of inflammation and modulator of the immune response. In addition, endotoxin is capable of interaction with complement and components of the clotting system. Endotoxin has been shown to effect the release of various vasoactive amines and other mediators of inflammation by direct interaction with macrophages, polymorphonuclear leukocytes, and other cell types (7) . Therefore, it can be postulated that endotoxin trapped in the middle ear can be responsible for the persistency of the effusions long after the gram-negative bacteria are no longer viable. containing bacteria, once present in the middle ear, could become fragmented by antibiotic therapy, thereby releasing endotoxin. Additionally, proteolytic enzymes may be present that could degrade gram-negative bacteria, subsequently releasing endotoxin.
The significance of these findings is enhanced by the fact that as little as 1.0 ng of purified endotoxin per ml, well below the lower level of endotoxin found in human MEEs, was capable of inducing inflammation and MEE in the chinchilla model (2) . Endotoxin remaining in the middle ear might play an important role in the pathogenesis of OME by sustaining the inflammatory response after the acute primary infection has cleared. An earlier study (6) showed that over 80% of the MEEs demonstrated bacteria by Gram stain, whereas only 47% yielded viable bacteria on culture. The frequency and concentration of endotoxin observed in the culture-negative human MEEs in this study support this hypothesis.
The present study indicates that 67% of the sterile MEEs contain endotoxin, which is in contrast to the findings of Bernstein et al. (1) . In their study, only 7% (1 of 14) of the sterile MEEs were positive by the LAL assay. Although this discrepancy cannot be fully explained, three factors must be considered: (i) their study was qualitative and did not include titration of the endotoxin, (ii) two different patient populations were used in the studies, and (iii) different commercially available sources of Limulus lysate were used, which may have resulted in different sensitivities. The Limulus lysate used in our studies has been shown to be more sensitive to native endotoxin than lysate commercially prepared by using chloroform extraction (9) .
In summary, our results indicate that endotoxin is present in a high percentage of human MEEs, including those that are culture negative, and may contribute to the pathogenesis of OME.
